tubular distal portion of the first pleopod, and, more fundamentally, in the absence of a cyclic dimorphism. The females differ from all except the few species assigned to the Cambaroidinae in lacking a well-developed, functional annulus ventralis. These differences that distinguish the Astacinae from the other crayfishes of the Northern Hemisphere seem to me to be at least as remarkable as those that distinguish them from the Parastacidae, and the recognition of a third family of crayfishes is here proposed.
Considerably greater confidence exists in any classification that is supported by a fossil record in which implied dichotomies can be demonstrated. Unfortunately, the fossil record of the freshwater crayfishes is exceedingly poor. No pre-Pleistocene crayfish fossil, to my knowledge, has been recorded from the Southern Hemisphere. Not only are few fossils from few localities available, but also many features that are considered to be of importance in assessing relationships are not discernible in those that are at hand. The arrangement and structure of the gills cannot be determined in any known fossil assignable to a crayfish family, and the presence or absence, to say nothing of the structure, of the first pleopod of the male cannot be ascertained in those specimens that have been examined by me. Furthermore, characters that would indicate a cyclic dimorphism in males are not evident in any fossil.
Inasmuch as all male crayfishes that are known to exhibit an alternation of a breeding form with a nonbreeding one possess hooks on the ischia of one or more of the second through fourth pereiopods, the apparent absence of such hooks in the known fossils suggests that none of them exhibited this cyclic alternation of forms that in certain crayfishes is unique among decapod crustaceans.
It seems unlikely that the physiological mechanisms that control this cyclic morphology have been independently acquired in the eastern Asiatic (Cambaroidinae) and eastern North American (Cambarinae and Cambarellinae) stocks. Consequently, the existence of a common ancestor more recent than any shared with other crayfish lineages (Astacinae) seems certain (see page 3). In spite of the fact that there is no evidence based on the fossil record of crayfishes that underwent such a cyclic change occurring in the Tertiary, the range of the Cambarinae, one of the species groups in which the cycle is typical, is such that one is almost forced to conclude that a cyclic dimorphism had become established in this lineage before the end of the Miocene (Hobbs, 1967 (Hobbs, , 1971b .
The fact that the eastern Asiatic crayfishes are in some respects intermediate between the Eurasianwestern North American species (possessing similar arrangement of gills and a sclerite corresponding to the annulus ventralis that lacks both a sinus and fossa) and the eastern North American species (bearing hooks on the ischia of the second and third pereiopods in the male in which there is also a cyclic dimorphism) does not necessitate the conclusion that the eastern Asiatic mien represents an arrested morphology that at one time served as a transitional form in the evolution of one from the other. Equally likely is the possibility that from some Mesozoic marine nephropoid ancestral stock there developed two lines of evolution: one retaining the primitive absence of cyclic dimorphism and another in which such a dimorphism became fixed along with those characters that accompany it (hooks on the ischia of certain pereiopods in the male and an annular sclerite possessing a cavity or fossa for sperm storage in the female).
The more conservative stock, in migrating into a freshwater habitat, gave rise to that from which the present-day Astacinae (Eurasia and western North America) have descended. Those remaining in marine waters were presumably ancestral to modern Nephropoidea. The other stock, that in which cyclic dimorphism became established, also migrated into fresh water, giving rise to those crayfishes assigned to the Cambaroidinae, Cambarellinae, and Cambarinae. Whether or not the Asiatic Cambaroidinae and the American subfamilies were derived from a common freshwater-inhabiting ancestor, or whether there were separate Asiatic and American invasions of fresh water in post-Jurassic times may never be known; certain possibilities, however, were recently discussed by Holt (1968:85-86) and Hobbs (1969:115-116) . A possible origin of the Parastacidae has been discussed by Riek (1959:255-257) .
A meaningful taxonomy of the holarctic assemblage must reflect the recognition of a fundamental divergence in the physiology and morphology of two stocks expressed in the presence or absence of the cyclic production of sperm and provisions for its conveyance to the female. The cyclic behavior of the testis of a member of the Cambarinae was shown by Word and Hobbs (1958) to be associated with the alternating first and second forms of the male in which there is also an alternation in the relative size of the grasping hooks on the ischia of one or more of the pereiopods and the shape and texture of the terminal elements of the first pleopods. These characters are most assuredly as little, and perhaps less, affected by environmental conditions as are the loss of one or more units of the branchial series. They are also equally as important in assessing relationships as are modifications of the branchial laminae, and of no less importance than the development and variations that occur in the telson and presence or absence of first pleopods. Taking cognizance of these characteristics that, in my opinion, have been inadequately emphasized, together with others cited in the diagnosis presented below, the following restructuring of the Astacuran Infraorder Astacidea is proposed. 
PRO-NEPHROPOID ANCESTOR
Because of the scattered literature treating the three families of crayfishes-no composite summaries of them have been attempted since those of Faxon (1885a, 1914)-a key to the taxa comprising crayfishes, together with synonymies and diagnosis of each, are presented here. In addition to the diagnoses of the genera, the following are cited: range of each, genus, number of described species and nonnominate subspecies currently recognized, and references to monographic or summary treatments and keys.
The generic structure of the Astacidae utilized is that of Bott (1950) , and that of the Parastacidae has been proposed by Riek (1969 Riek ( , 1971 Riek ( , 1972 . I have drawn freely from these works in composing the diagnoses. The organization of the Cambaridae is based primarily on studies of Hagen (1870), Faxon (1885a), Ortmann (1905a Ortmann ( , 1906 , and Hobbs (1942a Hobbs ( , 1969 Hobbs ( , 1972a .
The illustrations included are depicted as though all of the species were of approximately the same size. They were so scaled as to allow an appreciation of the differences in proportions of the structures included.
Shortly after this manuscript had been completed, Riek's study (1972) on the phylogeny of the Parastacidae appeared-in which not only are representatives of each of the parastacid genera illustrated but also a new genus, Gramastacus, is described. The present manuscript has been revised to include the new genus, the treatment of which is based on Riek's diagnosis and illustrations. It is unfortunate that neither of us was aware of the endeavors of the other.
ACKNOWLEDGMENTS. DIAGNOSIS.-Male never exhibiting cyclic dimorphism; first pleopod with distal portion rolled to form cylinder, and distalmost part contracted to form tube or produced into 2 simple spoonlike lobes. Ischia of pereiopods of male without hooks. Female lacking annulus ventralis (sclerite present but lacking sinus and fossa). Branchial formula 18 -f 2r + ep; or 18 + 3r + ep. Some articles of lateral ramus of antennule bearing 2 clusters of asthetascs. DIAGNOSIS.-Carapace with at least rudiments of both anterior and posterior postorbital ridges; merus of third maxilliped with single large mesiodistal spine, sometimes accompanied by single smaller spine distally; epistome with spine or ridge (often bearing at least one spine) posterior to renal papilla; first pleopod of male terminating in two lobes, one reaching distinctly farther distally than other; exopodite of second pleopod extending almost or quite as far distally as endopodite.
RANGE.-Middle and eastern Europe. NUMBER OF SPECIES.-Bott (1950) recognized four species and four subspecies assigned to two subgenera, and two additional species of uncertain relationships. Karaman (1962) treated four species and six subspecies and "natio" which were assigned to two subgenera.
REFERENCES. -Bott, 1950 -Bott, , 1972 Karaman, 1962; Curra, 1967 . DIAGNOSIS.-Carapace without trace of posterior postorbital ridge; merus of third maxilliped with row of spines along mesial border; epistome with spine or ridge, latter often bearing at least one spine, posterior to renal papilla; first pleopod of male terminating in 2 lobes reaching approximately same level distally; exopodite of second pleopod never extending so far distally as endopodite. RANGE.-West and middle Europe. NUMBER OF SPECIES.-Bott (1950 , 1972 recognized three species and five subspecies assigned to two subgenera. Karaman (1962) treated three species and eight subspecies [one of his subspecies, A. pallipes bispinosus Karaman, was declared a synonym of Cambaroides schrenckii (Kessler, 1874:361) by Holthuis, 1964b: 46] ; no subgenera were recognized by him.
REFERENCES. -Bott, 1950 -Bott, , 1972 Karaman, 1962; Curra, 1967 . 
Genus Pacifastacus

Genus Orconectes
FIGURE 9
Orconectes DIAGNOSIS.-Antenna never with conspicuous fringe on mesial border. Third maxilliped with teeth on mesial margin of ischium. Mesial margin of palm of chela with none to many tubercles; lateral margin of fixed finger never bearing spiniform tubercles; opposable margin of dactyl occasionally with prominent excision. Areola broad to obliterated at midlength. Ischia of third, fourth, or third and fourth pereiopods of male with hook. Coxa of fourth pereiopod of male with or without caudomesial boss. First pleopods of first form male symmetrical or asymmetrical, sometimes deeply withdrawn between bases of pereiopods and at least partially concealed by setae extending from ventrolateral margin of sternum; subcontiguous, contiguous, or partially overlapping basally, and terminating in 2 or more, usually 3 or 4 elements; presence of subterminal setae in many members of genus unique; terminal elements highly variable in form and disposition; if only 2 elements present (mesial process and central projection), shoulder present on distal third of cephalic surface of appendage, or central projection forming distally projecting triangular plate, or central projection arising from caudal margin of enlarged terminal region; if more than 2 elements present, central projection seldom bladelike, if so, directed laterodistally or lacking subterminal notch, and elements never bent caudally at angle of so much as 90 degrees. Female with annulus ventralis freely movable, although sometimes partially covered ventrally by caudally projecting prominences from sternal plate immediately cephalic to it; first pleopod usually present. Branchial formula 17 + ep.
RANGE.-North America: Guatemala and Cuba to Minnesota and southern New England, except in mountains. Introduced into California, Hawaii, and Japan.
NUMBER OF SPECIES.-One hundred seventeen species and six subspecies.
REFERENCES. -Hobbs, 1942a -Hobbs, , 1942b -Hobbs, , 1962 -Hobbs, , 1972a -Hobbs, , 1972b Villalobos, 1955; Penn, 1959 .
Genus Troglocambarus
FIGURE 11
Troglocambarus Hobbs, 1942a:354, 339, 341, 345 DIAGNOSIS.-Male with hooks on ischia of second and third pereiopods; first pleopod with distal portion tightly folded, and distal end of sperm groove opening on one (central projection) of S terminal elements (mesial and caudal processes and central projection). Female with annulus ventralis freely DIAGNOSIS.-Male with hooks on ischia of second and third pereiopods; first pleopod with distal portion not complexly folded, instead bearing shallow sperm groove with distal extremity situated cephalomesially or cephalically and not on any of 3 or more terminal elements. Female lacking annulus ventralis (sclerite present but without sinus and fossa); first pleopods lacking. Branchial formula 18 + 3r + ep. Articles of lateral ramus of antennule bearing only one cluster of asthetascs. DIAGNOSIS.-Carapace with conspicuous spines or tubercles, in addition to rostral, postorbital, branchiosiegal, and cervical; anterolateral portion of branchiocardiac groove extremely narrowly separated from, and parallel to, cervical groove dorsolaterally; viewed dorsally, cervical groove broadly U-shaped and deeply impressed; postorbital ridges weak to almost obsolete. Abdomen with spines or tubercles on pleura of one or more segments; pleuron of first abdominal segment distinct and partially overlapped by that of second. Telson sometimes with spines dorsally, with or without faint transverse suture laterally, and entirely calcified. Third maxilliped with ventral surface bearing scattered setiferous punctations; distolateral portion produced in heavy spine; exopodite reduced, not reaching distolateral extremity of ischium. Chela 
Genus Cambarellus
Genus Cambaroides
Genus Engaeus
FIGURE 17
Engaeus REFERENCES. -Riek, 1956 -Riek, ,1969 Genus Euastacus don membranous. Third maxilliped with ventral surface of ischium provided with one row of large punctations bearing clusters of stiff setae, and produced distolaterally in acute prominence; exopodite much reduced, but flagellum often reaching distal end of ischium. Chela with ventrolateral margin bearing one row of spines and usually with additional row or subparallel low carina; when upper surface of carpus of cheliped held in horizontal plane, dactyl moving subhorizontally; carpus of cheliped with 2-4 large spines raesially and 1 or 2 on, or adjacent to, ventrodistal margin. Male genitalia, situated on ventral surface of coxa, consisting of short papilla bearing calcified ring. Branchial formula 21 4-epr; stem of podobranchiae, except on fourth pereiopod, produced in winglike expansion.
RANGE.-Australia: eastern states.
NUMBER OF SPECIES.-Twenty-seven.
REFERENCES. -Clark, 1936 -Clark, , 1941 Riek, 1969 .
Genus Geocharax
FIGURE 21
Geocharax 
